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Abstract
We present a simple and versatile method for calculating the maximum capacity
of public spaces constrained to social distancing, following the recommended
measures of the WHO due to the COVID-19 pandemic outbreak. This method
assumes a minimum required distance of two meters between persons and is
tested in four actual plazas. Additionally, we estimate public space capacity in
case of public events, such as markets or concerts. We believe our method will
directly provide guidelines for crowd control in the so-called ‘new normality’,
serving as a first step for future and more accurate developments.
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The relaxation of the COVID-19 pandemic lock-down measures across many
countries [1, 2, 3] prompts for the swift search of simple methods that provide
crowd control guidelines accounting for the recommended social distance estab-
lished by the World Health Organization (WHO) [4]. There is a strong need
to recover social interaction as efficiently and safely as possible, within the rea-
sonable limits imposed by current social distancing measures. So far, public
demonstrations in plazas have revealed both the best and the worst of social
behavior during this crisis [5]. Moreover, even after this somehow predicted
COVID crisis, re-emergence of other corona-related infections should be antici-
pated [6]. This prompts the need of a strategy to estimate the number of people
that can fit in a public space in compliance with social distancing rules, in or-
der to promote the re-emergence of public events conducted in a safe manner.
This strategy would not only be of immediate relevance but also of use in the
long-run.
Here, we present a simple yet versatile method that provides an estimate
of the capacity of public spaces (with a focus towards town plazas) compatible
with social distancing. We model the occupancy of a public space as a very loose
random packing (VLRP) of hard discs in confinement. Although the method
is applicable to any public -and potentially private- space, we focus on plazas.
We stress that we do not aim to calculate the optimal packing of people. On
the contrary, we choose a purely stochastic approach in order to mimic human
behaviour and to allow for a certain degree of personal movement, vital during
public events. We also account for the presence of confinement barriers as
measures to control crowd occupancy, treating them as a depletion zone [7]
around the public space’s perimeter. This depletion zone naturally arises due
to the excluded area imposed by the outer barrier (and potentially any inner
obstacle) to the hard discs. That is, we remove the possibility of people being
placed in the vicinity of the perimeter of the square. The purpose of this simple,
modular and accessible method is to offer everyone a way to take back our
public spaces while respecting the safety guidelines. We envision that this will
eventually accelerate the process of return to social normality.
We consider a public space of interest (public square) as a closed polygon. Its
geographical position -latitude and longitude- is freely accessible using Google
Maps. The polygon is then constructed by drawing, via point-clicking [8], a set
of enclosed lines on the map. Despite the limitations of this method (such as
the necessity of manual annotation and drawing imprecision), we believe that
this approach is simple enough to be accessible not only by scientists, but by
any potential user (as explained at the end of this Communication). We model
each person as a two-dimensional hard disc with radius R = 2.0 m. This value is
slightly larger than the minimum distance suggested by WHO [4]. The reason
of this choice is two-fold. Firstly, our calculations provide a lower estimate as
obstacles in the square are not accounted for. Secondly, we believe that a social
distance of 1.0 m [4] will most likely result in social discomfort, particularly in the
period directly following the relaxation of lock-down measures. The crowding of
the public space is simulated by random sequential addition (RSA) [9, 10, 11, 12]
of 2D discs into the polygon. From a purely physical perspective, we have
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developed a method to generate VLRPs of discs constrained to an arbitrary
container. All computations are conducted using Wolfram Mathematica [13][V.
12]. The script is available as Supplemental Information (SI).
Our method is illustrated in Fig. 1. We intentionally pick Piazza Garibaldi
due to its non-trivial shape, which showcases the versatility of our approach.
The bottom panel shows a VLRP obtained by RSA after 5 · 104 attempted disc
insertions. The Piazza displays an almost optimal usage in compliance with
social distancing measures, as exemplified by the presence of discs even in the
top-left small pocket, a region not readily accessible. We estimate a capacity
of 156 people for this Piazza, corresponding to an area fraction of η = 0.60.
Remarkably, and perhaps due to the non-trivial plaza shape, η is greater than
the expected value upon RSA of discs in 2D (η ≈ 0.54)[10]. This is an intriguing
topological feature yet to be explored. Moreover, note that we allow overlap of
the discs with the container walls: a person inside the square is not required to
have all of its spread area within the square.
We note that the polygonal space is assumed not to have any exclusion
zones in its inner region. As a consequence, our method is currently not suited
for open spaces with plenty of obstacles. The addition of exclusion zones in-
side the polygon can, however, be easily achieved by calculating the Connolly
surface (also known as Lee-Richards molecular surface) related to the obstacle
of interest. Such a surface approximation is quickly implemented and results
in a union of discs. Disc-obstacle overlaps can then be efficiently evaluated,
keeping computational times within reasonable limits even when multiple ob-
jects are present[14, 15, 16, 17]. This is planned in a future implementation.
Once again, as this rod-shape results from the union of two discs, extending
our method to account for binary particle mixtures (singles = discs, couples =
rods) is straightforward.
We do not limit ourselves only to the calculation of the capacity of public
spaces. We also consider how this capacity is reduced due to public events such
as markets, concerts or fairs. We assume the presence of a confinement barrier
as a way to separate the public space from its surroundings. Such a barrier could
be made, for instance, of railings. This could be a possible practical solution
towards controlling the number of people allowed in the space.
The surface area available during a social event is calculated based upon the
concept of excluded volume between particles [18]. The presence of a barrier
excludes a given area close to the perimeter of the public square. In other words,
the presence of the barrier leads to a depletion zone[19] for people around the
perimeter of the square. We approximate this depletion zone by calculating the
Connolly surface of the boundary. This results in a series of hard discs centered
at subsequent points on the perimeter of the square. Each disc leads to an
excluded area for the particles to be inserted. This allows us to approximate
depletion zones of arbitrary 2D-shapes, provided the hard disc construction
is sufficiently fine grained. We employ RSA as before to obtain the reduced
capacity of the public space of interest. As practical case studies, we focus
on two plazas: an almost rectangular, small square in the town of Los Silos
(Canary Islands, Spain), and the large, famous, and half-moon shaped Puerta
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(46.02,9.24)
random sequential addition
trials = 50000
accepted = 156 (square capacity)
surface fraction of people = 0.60
Piazza Garibaldi, Menaggio, Italy
Figure 1: Estimation of the capacity of a public space (Piazza Garibaldi, Menag-
gio, Italy) using RSA. The top panel shows the geo-localization of the public
space in Google Maps (note the geo-coordinates, required as an input). A polyg-
onal line drawn by point-picking on the map defines the confined space of the
Piazza: the simulation box for the RSA. The bottom panel shows the Piazza
at maximum capacity as obtained by RSA. Each person is represented by a
2D blue disc. We performed 5 · 104 person insertion trials, resulting in 156 ac-
cepted positions (corresponding to an area fraction of η = 0.6). The number of
accepted discs represents the capacity of the public space in compliance with
social distancing measures.
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del Sol in Madrid, Spain. Fig. 2 shows the estimation of the plazas’ capacity
in the presence and absence of social events. To give a rough estimation of
the capacity of the plaza capacity accounting for obstacles, we superimpose the
latter obtained by inspecting the satellite view of the map. We then remove discs
whose center of mass overlaps with any of the obstacle. Albeit this is certainly
a crude approximation, we plan to add full-fledged interior obstacles in a future
implementation, as already mentioned. Moreover, we could also account for the
presence of couples who are allowed to walk in proximity to each other. They
could, for instance, be defined as a rod with a short aspect ratio (as shown in
Fig.2, column 3).
In case of small towns like Los Silos, open markets used to be a common
occurrence, and we hope they will be again. However, the novel social distanc-
ing must be respected. In this case, the vending stands will act as a natural
separation barrier between the square and its surroundings. Vending stands in
Tenerife normally have a size of 3x3m2, and are placed with a gap of approx-
imately 1 m between stands [20]. In order to achieve a real-life realisation of
crowd control, we propose that all market stands are positioned at the bound-
ary of the square and oriented towards its geometrical centre. In this way, local
authorities will be able to easily control the number of people in the square,
and the vending stands will serve as a barrier themselves, isolating the square
and the event from its surroundings. Note, however, that in our script we can
set any barrier size therefore mimicking, for instance, (transparent) shields that
enable people on each side of these screens to come closer than 2m.
The stands are placed following the generation of a mesh of points distributed
on the boundary. Uniformity is achieved by distributing the mesh points at
equal distances across the arc length of the boundary. The optimal number
of stands is obtained as the maximum number of mesh points that satisfy the
condition of minimum distance (here taken as the 1 m gap between stands).
After accounting for each stand’s area, we remove stands that present an overlap.
This results in a rough estimate of the maximum number of stands that can
be placed within the event, while accounting for their physical area and the
required minimum distance between stands. We define the square efficiency as
the number of consumers per stand. By examining its value for the plaza in Los
Silos, we observe that maximizing the number of stands minimizes the number
of customers per stand: a safer scenario than having fewer stands packed with
many customers.
Our simple and versatile approach results in: (a) a rational estimate of the
capacity of public spaces subject to social distancing (b) an estimate of this
capacity in case of a social and commercial event (case study: Sunday Markets)
(c) a quantification of the most efficient plazas in terms of the number of people
per stand. This approach will be tested for the Mercado Artesanal del Dı´a
de Canarias (a regional craftsmen’s market) in the municipality of Los Silos,
Tenerife (Spain), in close collaboration with two local craftswomen [21, 22].
On top of its practical achievements, our method also well describes the
physics behind very loose random packings in two dimensions. This is illus-
trated in Fig.3, where we apply our method to Kuybyshev Square, the largest
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Figure 2: Estimation of the capacity of two plazas (Plaza de la Luz, Los Silos,
Canary Islands, and Puerta del Sol, Madrid, Spain) in presence and absence of
hypothetical social events. The results for the two plazas are shown in the two
different rows. First column: estimated square capacity without social events
(no barriers); each blue disc corresponds to a person with its corresponding
safety radius. Second column: estimated square capacity with social events.
For Puerta del Sol, the excluded area due to the event’s barrier (depletion zone)
is depicted in green. For Plaza de La Luz, we show instead the vending stands
acting as a barrier, depicted in red. Third column: estimated square capacity
accounting for obstacles. In Plaza de La Luz, the correction is obtained by
simply superimposing the disc defined by the marquee (black), and checking
whether the center of masses of the individuals overlaps with the obstacle.
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Kuybyshev Square,
Samara, Russia
(53.2, 50.1)
square capability: 1915 persons
surface fraction of people: 0.56
Figure 3: RSA constrained to people respecting social distance in Kuybyshev
Square, a square in Samara, Russia. This is the largest square in Europe [29].
Upon an extremely large number of person insertion attemps (2·106), the VLRP
leads to a surface fraction of η ≈ 0.53, in agreement with the expected value
generated by RSA reported by Torquato[10]. Note η for the VLRP is signifi-
cantly lower than for the so-called random loose (η ≈ 0.77) and random close
(η ≈ 0.82) packings [23, 30]: we do not aim for packing efficiency, but for the
safety of the people (freedom to move and escape from each other’s trajectories).
square in Europe. For this humongous plaza, with a rather regular T-shape,
the confinement effects on the hard discs become negligible, leading to surface
densities closer to the expected bulk value (η ≈ 0.54) [23]. This is caused by a
vanishing perimeter-to-surface ratio when the region’s area increase, such as for
a large plaza [24].
Further developments of this simple and versatile approach, beside the above
mentioned addition of obstacles and couples, could account for pedestrian crowd
motion or evacuation dynamics [25, 26, 27, 28]. Such computations could be
a second simulation step that uses our current final configuration as a seed.
We note that these extensions will most likely lack the direct and simple ap-
plicability of the approach presented here. However, we encourage experts on
such techniques to promptly contact us. Collaboration can start towards, for
instance, a rational design of evacuation routes for crowds constrained to social
distancing. Ensuring (and accounting for) escape routes should be the next
priority for development.
In short, we provide rational guidelines for taking back our public spaces us-
ing a simple and versatile method. During the digital event HackingCovid (16-18
May 2020) [31], organized by the non-profit organization AyudaDigital[32], we
intend to develop a full open-access code of the present script and release it as
an open source application as soon as possible, inspired by a similar 2D particle
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packing app[33]. This will enable the immediate application of the proposed
method. Albeit we recognize the limitation of our method up-to-date, in par-
ticular disregarding the presence of obstacles, work is ongoing in extending the
procedure to take them into account. Finally, our method is not only applicable
to open spaces: it could also optimize, for instance, the distribution of employees
in open offices and in research labs based on the floor plans. As per today, we
think its appeal, rational design, simplicity, and versatility provides very useful
guidelines in the process of adapting our public (and perhaps private) spaces to
the so-called ’new normality’ [34].
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Supplemental information
• Further analysis on the effect container size and shape in the VLRP surface
fraction.
• Auto-correlation function of the acceptance probability (from the value of
the insertion (0 or 1) as a function of the number of insertion trials.
• Mathematica script.
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